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Summary 

•  Past 
– From RFLPs to Y-SNPs + Y-STRs to 

resequencing 
•  Present 

– Large-scale sequencing and genotyping 
•  Future 

–  Issues for the field 
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History of Y chromosome research 
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Sequencing costs 
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Next-Gen Sequencing: steps 

Short reads derived 
from single molecules 

Map to reference sequence 

Call variants 

Filter and 
Validate 

Base-calling errors 

Duplicate 
reads 

Mapping 
errors 

Variant-calling 
errors 
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datasets are becoming available 



Recent and current research 
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36 high-coverage Y chromosomes 
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523 low-coverage Y chromosomes 

JPT 
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IBS 

1,092 individuals, 14 populations Admixed 
Migrant 
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What have we discovered from 
sequencing lots of Y chromosomes? 

•  Lots of SNPs and other variants 
– 36 Y chrs: 6,662 variants 
– 523 Y chrs: 15,953 variants 

•  The structure of the Y phylogeny 
•  The timescale of the Y phylogeny 
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Calibrating the Y-SNP mutation 
rate 

•  Sequence two Y 
chromosomes from 
an extended family 

•  4 mutations in 10.15 
Mb 

•  Mutation rate 3.0 x 
10-8 /nucleotide/ 
generation (95% CI: 
8.9 x 10-9–7.0 x 10-8) 

Xue et al. (2009) Curr. Biol. 19, 1453-1457 

13 generations 
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Out of Africa 55-75 KYA 
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What happened 40-50 KYA? 

Expansions inland? 
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R1b expansion in Europe 

•  Neolithic transition 
in Europe after ~10 
KYA 

•  Does R1b represent 
a Paleolithic or 
Neolithic Y lineage? 
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Debate about R1b 

~41-47 KYA 

6.5 (4.5-9.0) KYA 

Sequencing: 
4-13 KYA 
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Geno 2.0 
•  ~150 K ancestry-informative, 

medically-uninformative SNPs 
•  ~15 K Y-SNPs 

–  Karafet + published additions 
–  FTDNA projects 
–  1000 Genomes Pilot 
–  F: Li Jin, resequencing Chinese 

(3,753) 
–  CTS: Chris Tyler-Smith, 

resequencing 1000 Genomes 
Phase 1 (3,850) 

–  PF: Paolo Francalacci, 
resequencing Sardinians (5,400) 
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A mendelian disorder linked to 
the Y chromosome 
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A mendelian disorder linked to 
the Y chromosome 



Future projects and issues 
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Many large-scale genotyping 
and sequencing projects 

SardiNIA 
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What Y reference sequence 
should we use? 

•  Current reference is a hybrid of hgs R1b 
and G 

•  Options: 
– Continue with this 
– All R1b 
–  Inferred ancestral sequence 
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How should we name Y 
haplogroups? 

•  R1b1b2g2b1a1a1b2a1b1a2c1a1b etc.? 
•  R1b-14,057,355A 
•  Abbreviated names for major clusters 

only? 
•  Other? 

Paris 

Roma 
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Predictions for 2013 

•  Y-SNPs discovered from sequencing 
1000s of individuals will be published 

•  There will be a need to compare and 
combine datasets 

•  Our current nomenclature system will 
break down 

•  More opportunities than ever for computer-
literate citizen scientists 
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